Background: During permanent deep septal pacing, it is important to confirm left bundle 2 9 branch (LBB) capture.
interrupted pacing from the lead was delivered in order to monitor change in the paced QRS 1 0 3 morphology during screwing-in. We aimed to obtain paced QRS with an r' deflection in lead the lead was present, 10 the lead was repositioned. This implantation technique was similar to 1 0 8 the recently described approach to LBB pacing by Huang et al. 4 but also to the left septal reached. The pacing output was set at 2 times the capture threshold and the lead was 1 1 2 connected to an universal heart stimulator (UHS 3000, Biotronik, Germany) in a unipolar 1 1 3 pacing configuration. Premature beats were introduced after an 8-beat basic drive train of 600 1 1 4 ms and also during the intrinsic rhythm (when present). The coupling interval was decreased 1 1 5 in 10 ms steps, starting from 400 -450 ms (or longer if the QRS of the first premature 1 1 6 stimulus was not identical as the QRS of the drive train), until the complete loss of capture. Responses to programmed pacing were analyzed with the use of an electrophysiology system Changes in the paced QRS morphology from ns-LBB into selective-LBB or 1 2 8 myocardial QRS during increase/decrease in pacing output (differential pacing output All patients gave written informed consent for participation in this study and the 1 3 3
Institutional Bioethical Committee approved the study protocol. Out of 412 consecutive patients that underwent His-Purkinje system pacing device Responses observed during programmed LBB pacing were categorized as follows: QRS into a myocardial-only paced QRS, that is evidently broader, often with 1 5 1 slur/notch/plateau instead of a pointy R wave peak and/or with obvious change in 1 5 2 amplitude/polarity in several leads. refractory period of the working myocardium (final 1 -3 coupling intervals before ERP is
A total of 114 (79.7%) patients showed diagnostic response; "selective" response was seen when premature beats were introduced during the intrinsic rhythm rather than after the 1 6 8 basic drive train, 43 (30.1%) vs. 2 (1.4%), respectively. While myocardial response was more 1 6 9 often seen when premature beats were introduced after the basic drive train 104 (72.7%) vs 33 1 7 0 (23.1%), respectively. The average septal-myocardial refractory period was significantly shorter than the 1 7 2 LBB refractory period: 263.0±34.4 ms vs. 318.0±37.4 ms, p < 0.01 and 293.1±56.5 ms vs. > LBB threshold) while in 5 (3.5%) cases, myocardial QRS was revealed (myocardial 1 8 0 threshold < LBB threshold). In all these cases, differences in capture thresholds was small, 1 8 1 9 and, consequently, change of QRS morphology was observed briefly -just before complete 1 8 2 loss of capture. In all patients in whom LBB capture was confirmed by the differential pacing 1 8 3 output the programmed pacing also provided diagnostic response; the QRS complexes 1 8 4 obtained by both techniques were found compatible in all cases. The major finding of the current study is that programmed deep septal pacing could and local activation times between HPS and working myocardium. The current study shows that during non-selective pacing extrastimuli with short 1 9 5 coupling interval (usually < 300 ms) results in changes of paced QRS morphology due to the 1 9 6 selective myocardial capture i.e. loss of HPS capture. Such a QRS response was determined 1 9 7 by ERP of the HPS being longer than ERP of the working myocardium. Careful analysis of paced QRS morphology is crucial for the diagnosis of pure 1 9 9 myocardial capture; sometimes changes from ns-LBB to myocardial QRS are very obvious, capture. This is determined by a wider spectrum of pacing lead positions both in superior- amplitude in precordial leads V2-V5), loss/decrease in amplitude of r' in V1 (QS 2 0 8 configuration), longer global QRS duration, delayed R wave peak in V6, notches and 2 0 9 rounded/slurred R wave peaks (Figures 1, 2, 4 and 5) . These last observations are analogous 2 1 0 to what we have reported for the right ventricular septal myocardial QRS during loss of HB axis depends solely on the HPS activation. Therefore, the more superior location of the pacing 2 1 6 lead on the septum the more positive QRS in II, III aVF is to be expected with loss of HPS 2 1 7 capture. Secondly, the myocardial QRS morphology should be compatible with the non-2 1 8 selective and selective QRS morphologies in a particular case -according to the rules of QRS 2 1 9 fusion. For example, when the ns-QRS in lead II has RS configuration and selective QRS has 2 2 0 rS/QS configuration (due to the often seen preferential activation of the posterior fascicle), 2 2 1 then the myocardial QRS must have R/Rs configuration in this lead (Figures 1 and 2) . Interestingly, the myocardial response during programmed LBB pacing was observed 2 2 3 less frequently than during programmed HB pacing (74.8% vs. 100%). 9 This might be related 2 2 4 to the lower percentage of cases with HPS capture during deep septal pacing as compared to 2 2 5 HB pacing. However, a non-diagnostic response was also observed in cases with a bona fide 2 2 6 LBB capture (non-diagnostic response with extrastimuli delivered during intrinsic rhythm yet 2 2 7 diagnostic response with extrastimuli delivered after a drive train -and vice versa). Perhaps the occasional lack of myocardial response during ns-LBB capture can be also explained by a 2 2 9 smaller difference between ERPs of HPS and adjacent myocardium during LBB pacing as 2 3 0 compared to HB pacing, 55 ms vs. 81.9 ms, respectively. 9 This gives a smaller 'opportunity' for the extrastimuli to capture only the adjacent myocardium. It is also possible that in some 2 3 2 cases the myocardial QRS and ns-LBB QRS are too similar and the loss of HPS capture is limiting the difference between myocardial paced QRS and ns-LBB paced QRS. was almost exclusively seen when premature stimuli were delivered during intrinsic rhythm. (rS/QS in II, III, aVF) and with superior lead position positive QRS in II, II, aVF is observed 2 5 0 (suggestive of preferential activation of the left anterior fascicle). Programmed deep septal pacing shows that LBB capture can be present despite a 2 8 2 relatively wide paced QRS complex, even without r' in lead V1 ( Figure 5 ). This suggests that 2 8 3 LBB capture is achievable already at a substantial distance from the LBB and that from 2 8 4 practical point of view, LBB capture is not an 'all or nothing' phenomenon. On the contrary, during deployment into the interventricular septum ("pacemapping while screwing-in
